HIV infection, as well as its treatment with highly active retroviral therapy (HAART), is associated with a number of metabolic abnormalities such as insulin resistance, glucose intolerance and dyslipidaemia. The aim of this descriptive cross sectional study was to describe the prevalence of diabetes, impaired fasting glucose, dyslipidaemia and obesity among patients with HIV or AIDS who were followed up at the National Sexually Transmitted Diseases (STD) campaign in the year 2010, and to assess the associated factors.
Introduction
The introduction of the highly active antiretroviral therapy (HAART) has changed the course of HIV infection, increasing survival and improving quality of life in HIV-infected individuals. The search for new therapeutic modalities and management strategies has reduced the acute morbidity of the disease but has created a number of chronic effects. A number of metabolic abnormalities are associated with HIV management; the most common being insulin resistance, glucose intolerance, dyslipidaemia, changes in body fat distribution and osteopenia.
Insulin resistance rather than insulin deficiency is responsible for pathogenesis of diabetes in HIV infected persons. Increased levels of intrahepatic tumour necrosis factor and hepatic steatosis leads to insulin resistance and diabetes, even in patients not on HAART therapy (1) . The major contributor to hyperglycemia in HIV/AIDS however, is drugs. Highly active retroviral therapy (HAART) has contributed immensely to the remarkable clinical outcome of HIV patients, but it has also lead to an increase in metabolic dysfunction, insulin resistance, diabetes dyslipidaemia and lipodystrophy (2) . A recent analysis found that diabetes is four fold more common in HIV infected men exposed to highly active anti retroviral therapy (HAART) than in HIV seronegative men (3) . Diabetes may also be caused by drugs used to manage co morbidities associated with HIV such as Pentamidine used for Pneumocystis Jerovecii infection and Megesterol acetate used as an appetite stimulant (4, 5) .
During the course of HIV infection and acquired immunodeficiency syndrome (AIDS), disturbances of lipid metabolism were observed long before the introduction of Protease Inhibitor (PI) based antiretroviral regimens, and included hypertriglyceridaemia and a decrease in total and high-density lipoprotein (HDL) cholesterol, occurring in advanced phases of HIV infection (6) . Even though therapy with zidovudine, lamivudine, stavudine, or non-Vol. 3 
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Diabetes and metabolic complications among patients with HIV and AIDS nucleoside-reverse transcriptase inhibitors (NNRTIs) has been associated with the occurrence of dyslipidaemia, abnormalities of plasma lipid levels appear to be most prevalent among patients receiving a PI-based regimen and ranges from 28% to 80% (6) . Among non-PI drugs, Efavirenz and Stavudine lead to Triglyceride elevation, whereas Tenofovir may reduce the Triglyceride level. LDL-C levels are increased in association with most PI-and NNRTI-based regimens (7) .
Treatment of these cardiovascular risk factors is of paramount importance in the management of HIV, because studies show that the relative rate of MI hospitalization in HIV-infected persons was more than 2-fold greater than that of controls (7) . Management of metabolic complications poses a number of challenges in co existent HIV infection. Poly pharmacy, co existing renal and hepatic disease, induction of cytochrome induction pathways with certain antiretroviral drugs causing toxicity of drugs such as statins, the necessity for strict adherence to universal precautions with insulin therapy and the reluctance of caregivers for invasive procedures like administering insulin are some of them. These patients would also be reluctant to seek medical advice or comply for long-term follow-up for these metabolic problems due to the social stigma that is still associated with HIV infection in this part of the world.
Sri Lanka has about 1600 reported HIV infected persons at present with an estimated 4200 of both reported and unreported cases (8) . They are followed up in several clinics around the country, the clinic at the National Sexually Transmitted Diseases (STD) Campaign has the largest population of patients, it has followed up a total of 820 patients since its inception in 1997. A total of 369 patients had attended services in the clinic in 2010. Prevalence of diabetes and metabolic abnormalities among patients with HIV/AIDS in Sri Lanka has not been assessed previously.
The aim of this study was to describe the prevalence of diabetes, impaired fasting glucose and other metabolic complications such as dyslipidaemia and obesity among the HIV infected patients being followed up at the National STD Campaign. It was also aimed at assessing any factors associated with the above metabolic parameters and assessing any correlation between antiretroviral therapy and metabolic parameters.
Method
This was a descriptive cross sectional study carried out at the National STD Campaign clinic in Colombo. The HIV patients who had attended services at the above clinic during the calendar year 2010 were recruited to the study. This included newly diagnosed patients as well as patients who were diagnosed prior to that but had attended the clinic during 2010. All HIV-infected patients aged 18 and older were included in the sample regardless of being on HAART or not but patients who had not had at least two clinic visits in 2010 were excluded. Ethical approval was obtained from the Ethical Review Committee, Faculty of Medicine, University of Colombo.
As the patients in the clinic routinely undergo biochemical screening at least 3 to 6 monthly, the data on fasting blood glucose and serum lipids were obtained from these records. The anthropometric data (height, weight), which are routinely recorded by the trained nursing officer at the clinic was also obtained from patient records. Data on HAART was taken from medical records and patients were considered to be HAART positive if they were on drugs for at least two months.
Diabetes and impaired fasting glucose were defined according to the ADA 2012 criteria (9), lipids were categorized according to NCEP-ATP3 (10) criteria, and obesity was described according to the WHO classification of obesity for Asians (11) . Descriptive statistics were used according to the distribution of the variable: for variables with a normal distribution, occurrence measures, mean and standard deviation values were shown; for non-parametric variables, quartile ranges and median values were shown. Independent sample t test was used to compare means and the associations between metabolic parameters and patient and disease related factors were assessed using the Pearson's chi-square test. Multivariate linear regression analysis was used to assess the contribution of the different patient, disease and treatment related factors to the metabolic parameters. The P value was considered to be significant at <0.05.
Results
This study included 268 patients with HIV or AIDS, 57.8% were males (no =155). The median age was 41 years and the ages ranged from 20 to 73 years. One hundred and fifty one patients were on antiretroviral therapy (56.3%) and the commonest combination of drugs was Zidovudine, Lamivudine and Efavirenz (2 nucleoside reverse transcriptase inhibitors and 1 non nucleoside reverse transcriptase inhibitors), 52% of the patients had been on this combination for more than 2 months. Only 7.2% were on protease inhibitor based HAART regimes. This population had 18 diabetic patients (6.7%) and 08 (3%) of them were known diabetics at the diagnosis of HIV. Forty nine patients (18.3%) had impaired fasting glucose by the ADA definition. Only 7 (38.9%) of the diabetic patients were on regular follow-up regarding diabetes; however 78% were taking either oral hypoglycaemic drugs or insulin. Only 6 (33.3%) had target organ screening done and half of those patients had evidence of microvascular disease. The metabolic characteristics of the population studied is described in Table 3 .
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Forty nine (23.6%) of the non diabetic population had impaired fasting glucose and 78% of the diabetic patients (no=14) had fasting blood glucose above 110 mg/dl despite being on treatment.
About 20% of the patients had high total cholesterol levels (>240mg/dl) and only 24.4% patients had an optimal LDL cholesterol level of <100 mg/dl. 15.3% of the patients had high serum triglyceride levels (200-499mg/dl) and 1.9% had very high triglyceride levels above 500 mg/dl. Only 12.2% (no=27) of the patients had low HDL cholesterol levels of less than 40mg/dl.
One hundred and eight patients (44.6%) had normal body mass index (BMI) according to the WHO classification of body mass index for Asians (11) . However 14% of the patients were overweight and 18.2% of the patients were obese according to the same criteria. Vol. 3 
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The associations between various metabolic parameters and patient and disease characteristics such as age, gender, smoking habits, body mass index, lowest CD4 count at diagnosis, duration of HIV, whether on HAART therapy and duration of HAART therapy was also assessed.
Being on HAART therapy was significantly associated with having high total Cholesterol levels, high LDL cholesterol levels and high triglyceride cholesterol levels in the X 2 test (p<0.05). The mean total cholesterol, LDL cholesterol and triglyceride levels were also significantly different among HAART users and non users (Table 3) . Having HIV for more than 3.1 years (more than the median) and duration of HAART therapy for more than 1.9 years (more than the median) were also significantly associated with high total cholesterol and LDL cholesterol levels (p<0.05). However, when the multiple regression model was used, none of the above characteristics were associated with high total cholesterol, LDL cholesterol or triglyceride levels. 
Fasting blood glucose Body mass index
Total Cholesterol LCD Cholesterol 
HDL Cholesterol Triglycerides
Discussion
This descriptive study, the first to be done on HIV patients in Sri Lanka, describes a prevalence of 6.7% for diabetes and 18.3% for impaired fasting glucose in this population. There was a baseline prevalence of diabetes in 3% of this study population. In the Sri Lanka Diabetes Cardiovascular Study, a population based study involving 7 provinces of Sri Lanka, the prevalence of diabetes and impaired fasting blood glucose were 10.3% and 4.4% respectively (12) . Our population had lower prevalence of diabetes but the prevalence of impaired fasting glucose was about 3 times higher (12) . However the mean age of that population was 46.1(standard deviation 15), while our population had a lower mean age of 40.3 years (standard deviation 9.3). Previous studies assessing the prevalence and the incidence of diabetes and impaired glucose tolerance have shown a wide range of values. DAD study, one of the largest, multicentre cohort studies designed to assess the association between HAART therapy and cardiovascular disease, had a baseline prevalence of diabetes in 2.85% of the population. The new onset diabetes was 2.2% (5.72 at 1000 person year follow up) (13) . Other smaller studies with heterogeneous study designs, which included patients with and without HAART therapy, reported a prevalence of diabetes ranging from 4.5% to 7%, and impaired fasting glucose ranging from 17% to 35% (14, 15, 16) . Although most studies show that the prevalence of diabetes and impaired glucose tolerance is higher in HIV infected patients than in the normal population, a few studies have shown that there is no difference (17) . In Nutrition for Healthy Living Study, a large multicentre cohort study in the US, a non diabetic subgroup was analyzed to assess the prevalence of insulin resistance by using a number of insulin resistance indices and serum insulin levels and was compared with the national NHANES111 database. The prevalence of insulin resistance varied from 17%-51% depending on the indices used, but it was not different to the control population in the NHANES111 (17) . The wide variation of glucose parameters in different studies could be due to the different study designs, inclusion of both HAART positive and negative populations, different types of HAART drugs used (sp Protease Inhibitors), the characteristics of the control group and patient characteristics such as the presence of lipodystrophy. Some studies have used basic biochemical parameters such as fasting blood glucose and the oral glucose tolerance test whereas other studies have used measures of insulin resistance such as the HOMA index and QUICKI score. While some control groups consisted of healthier people such as blood donors other controls have been taken from national databases.
Studies have also demonstrated that the prevalence of diabetes and impaired fasting glucose is higher among HAART users when compared to HAART non users (3, 13, 18) . The most commonly studied drug to be associated with HAART therapy is Protease Inhibitors. Several large scale studies among HIV patients describe a prevalence of impaired glucose tolerance ranging from 8-46% among Protease Inhibitor users (19) out of which Ritonovir is found to be the most commonly associated agent (3, 13) . Others studies have demonstrated that the use of Nucleoside Reverse Transcriptase Inhibitors (especially Stavudine) is associated with a higher incidence of glucose abnormalities (20, 21) . Other factors that were associated with diabetes mellitus and impaired glucose tolerance were patient characteristics such as age, gender, body mass index and family history of diabetes mellitus and disease related factors such co infection with hepatitis C, duration exposure to HAART therapy and CD4 count of < 300 cells/ m 3 at the index visit (3, 13, 20) . In our study there was no statistical difference in the mean fasting blood glucose levels among the HAART users and non users. Factors such as the CD4 count at diagnosis, the duration of HIV infection, and the duration of antiretroviral therapy were also not associated with elevated blood glucose levels either. One explanation for not finding an association between HAART use and elevated blood glucose levels in our study could be that only 7.2% of our patients were on Protease Inhibitors and only 11% were on Stavudine, the most commonly cited drugs to be associated with blood glucose abnormalities. However even in our patient population, 35.5% of the Stavudine treated patients had impaired glucose tolerance (vs. 18% of the study population) and 27.3% of the Protease Inhibitor group had fasting blood blood glucose >126 mg/dl (vs. 4.1% of the study population).
It is important to note that only 38% of the diabetic patients had regular follow-up regarding diabetes and 22.2% were not taking any form of therapy for the illness. Target organ screening was done only on 6 (33.3%) of the diabetic population. Factors such as experience of drug interactions, polypharmacy, social stigma and unawareness regarding the long-term complications of diabetes may be responsible for the poor compliance to therapy. These issues need further evaluation and planning out of possible solutions.
The classic dyslipidaemia associated with HIV infection, with high total cholesterol, LDL and triglyceride levels and low HDL cholesterol is also shows different prevalence in different studies. In a French study of 925 patients, 70 patients (8%) experienced high triglyceride levels after 25 months of follow up, and a prospective population study from Canada quotes a cumulative incidence of dyslipidaemia of 9% within 31 months of commencing HAART therapy (19) . Studies in other parts of the world show higher prevalence and incidence of dyslipidaemia. In a comparison study in Brazil 41.4% and 20.5% of the patients on HAART showed high triglyceride and total cholesterol levels respectively. Compared to HIV patients not on HAART this was statistically significant (22) . The same study shows that all HAART regimes can alter the lipid parameters although Ritonovir based therapy had the highest risk (22) . Another study in Thai patients showed that patients on Protease inhibitors had higher Total cholesterol, Triglyceride and low HDL levels (42.6%, 75.4%, 31.2% respectively) when compared to patient not on treatment (4.8%, 8.2%, 42.95% respectively). Patients on other HAART drugs had in-between values of 26.6%, 48.3% and 20% respectively (23) . Although less well studied, other HAART drugs such as nucleoside reverse transcriptase inhibitors (NRTIs), Nonnucleoside reverse transcriptase inhibitors (NNRTIs), mainly Efavirenz might also be associated with metabolic disorders, including dyslipidaemia (24) . In our study 15.3% of the patients had high (>240 mg/dl) total cholesterol, 13.4% high triglyceride (>200 mg/dl) and only 10.1% had low HDL cholesterol (40 mg/dl). The somewhat lower values in our study population may be due to the low use of protease inhibitors in our patients (7.2%). However among our patients who were on Protease Inhibitors, 63% had total cholesterol >240 mg/dl and 45% had triglycerides >200 mg/dl compared to 22% and 14.2% of patients who were on other HAART drugs. The onset of dyslipidaemia is said to be between 3 to 12 months in Protease Inhibitor based regimes (6) but the onset of dyslipidaemia with other drugs is not well documented. Therefore, as the median duration of HAART treatment (with mainly non Protease Inhibitor based therapy) is only 1.9 years in our study, that may be one reason to get lower lipid values than in certain studies. Most other studies in literature assessing the prevalence of hyperlipedaemia has either excluded the patients on lipid lowering therapy or has not mentioned whether they have done so. 7% of our patients were on treatment for hyperlipidaemia, which may have contributed to the lower values of lipid abnormalities in our study compared to some other Asian and South American studies. However, the mean total cholesterol, triglyceride and LDL levels were significantly higher in patients with HAART therapy in our study, when compared to patients not on HAART therapy. The duration of HIV infection for more than 3.1 years and being on HAART therapy for more than 1.9 years were significantly associated with having abnormal lipid levels as well.
In this patient population, 14% were overweight and 18.2 % were obese according to the WHO classification of obesity for Asians. Overweight and obese patients in patients younger than 40 years were 10.3%, 14.3% and in patients 40 years of age or older were 14.8%, and 18.3% respectively. A descriptive study in 7 provinces of Sri Lanka revealed that 25.2% of people were in overweight and 9.2% were in the obese categories using the WHO criteria for Asians (25) , which are higher figures than in our study. Age and gender related figures were also higher in that study. In the D.A.D sub study assessing metabolic syndrome as a cardiovascular risk factor, only 4.4% of the sample had BMI >30kg/m 2 (26) . Studies elsewhere in the world have shown prevalence of obesity ranging from 4% to 35% (27, 28) . Studies have also shown that waist circumferences were lower in HIV-infected HAART recipients compared with the uninfected population despite having similar prevalence rates for metabolic syndrome. In one study, although 50% of HIV-infected HAART recipients met non-anthropometric criteria for metabolic syndrome, this reduced to 17% when waist-based anthropometric cutoffs were applied (29) . Therefore HIV infected patients, although having other metabolic risk factors may not be an obese population. The possible explanations for these findings could be the presence of co-existing chronic infections such as tuberculosis, malabsorption syndromes associated with the disease as well as HAART, and although much rarer now, the HIV wasting syndrome resulting in lower body mass indices. The differences in overweight and obesity prevalence among studies may also be influenced by the differences in ethnicity, gender, socio-economic status and the nutritional status of the population.
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There are several limitations in this study. Data were mainly extracted from records due to reasons in confidentiality resulting in a significant amount of incomplete and missing data and inaccuracies in anthropometric values. Ours was a cross sectional study; a prospective study would have been the best study design to assess the effect of HIV and HAART therapy on metabolic parameters. HIV associated lipodystrophy syndrome, known to be present sometimes in up to 80% of the patients on HAART therapy (16, 19) , and having higher correlation with insulin resistance and metabolic abnormalities was not assessed in our study. Its presence or absence would have had a greater influence on some of our metabolic parameters.
In conclusion this study highlights the high prevalence of impaired fasting glucose in patients followed up at the National STD and AIDS campaign and the strong association of HARRT therapy with dyslipidaemia in the same group. It also emphasizes the necessity of proper treatment and follow-up of HIV positive patients with diabetes. This data would probably help in planning out management strategies for the above group of patients and also would help in carrying out similar studies on HIV patients on a national level.
